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(57) Abstract: 

PURPOSE: To provide a nonaqueous electrolyte secondary battery 
having high discharge capacity and being excellent in cycle 
characteristic. 

CONSTITUTION: In a nonaqueous electrolyte secondary battery 
using lithium composite oxide as positive electrode active 
material, LiCrxMn2~x04 and LiFexMn2-x04 are used as lithium 
composite oxide. The composition ratio of the LiCrxMn2-x04 and 
the LiFexMn2-x04 to be used is controlled, and also a heat 
treatment temperature is controlled during its synthesis 
process. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 .This dociiment has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A nonaqueous electrolyte rechargeable battery with which said lithium multiple oxide is characterized by 
bemg LiAx Mn2-x 04 (however, Fe and Cr being kinds at least and A being 0.1<=x<-0.4.) in a positive electrode 
which uses a lithium multiple oxide as positive active material, a negative electrode, and a nonaqueous electrolyte 
rechargeable battery which comes to have nonaqueous electrolyte. 

[Claim 2] a lithium multiple oxide - LiFex Mn2-x 04 it is - this - LiFex Mn2-x 04 A nonaqueous electrolyte 
rechargeable battery according to claim 1 characterized by being obtained by heat-treating among air mixture which 
consists of a lithium compound, an iron compoimd, and a manganese compound at 650-degree-C or more heat 
treatment temperature of 800 degrees C or less. 

[Claim 3] a lithium multiple oxide - LiCrx Mn2-x 04 it is - tlais - LiCrx Mn2-x 04 A nonaqueous electrolyte 
rechargeable battery according to claim 1 characterized by being obtained by heat-treating among air mixture which 
consists of a lithium compound, a chromium compound, and a manganese compound at 650-degree-C or more heat 
treatment temperature of 850 degrees C or less. 

[Claim 4] A nonaqueous electrolyte rechargeable battery according to claim 1 with which the above-mentioned 
negative electrode consists of a carbonaceous material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the nonaqueous electrolyte rechargeable battery which uses 
^Jitiuum multiple oxide as positive active material about a nonaqueous electrolyte rechargeable battery. 

[Description of the Prior Art] While a camcorder/movie, a cellular phone, a laptop computer, etc. and new portable 
electronic equipment appear one after another and the small lightweight-ization is attained increasingly, what has a still 
higher energy density is increasingly called for also from the cell as a portable power supply for migration. 
Conventionally, as a rechargeable battery, although the rechargeable battery of aqueous solution systems, such as a lead 
;:ell and a nickel-cadmiimi battery, is generally in use and these cells show the outstanding cycle property, it cannot be 
said to be a thing satisfying enough in respect of an energy density etc., and there is a problem also from the position of 
environmental protection, and development of the rechargeable battery which can replace these cells is desired. 
[0003] From^ such a condition, operating potential is high, as a rechargeable battery with which high energy density is 
Dbtauied, a lithium multiple oxide constitutes a positive electrode and the nonaqueous electrolyte rechargeable battery 
which uses light metals, such as a lithium, for a negative electrode is proposed. However, in connection with the repeat 
3f charge and discharge, gradually [ a metal lithium etc. ], it may deposit in the shape of a dendrite on a negative 
electrode, and may reach at a positive electrode, consequently a short circuit arises in the interior of a cell, and this 
lonaqueous electrolyte rechargeable battery- has the defect that a good cycle property is not acquired. 
0004] Then, matter in which a dope and a dedope of a lithium are possible in order to solve the problem produced 
when such a metal lithium deposits in the shape of a dendrite. For example, using a carbonaceous material (carbon- 
ithium intercalation compound) as a negative electrode is proposed. That is, in the organic electrolysis liquid 
containing lithium salt, electrochemically, with the dedope dope of a lithium ion, a reversible oxidation reduction 
•eaction is possible for the so-called carbon-lithium intercalation compound in which the lithium ion carried out the 
ntercalation to a certain kind of carbon material, and since the oxidation-reduction potential is also the range of 
Abbreviation 0.02- l.OV, it can serve as excellent negative-electrode material of a nonaqueous electrolyte rechargeable 
mattery in combination with suitable positive-electrode material. Moreover, in this system, it is hard to produce a 
iendrite-like deposit of a lithium, and a good charge-and-discharge cycle property can be acquired. 
.0005] By the way, in the above nonaqueous electrolyte rechargeable batteries, LiMn 204 is conventionally used as a 
ithium multiple oxide used as positive active material. LiMn 204 When the high potential of pair Li abbreviation 4V 
jhown and it uses as a positive electrode of a lithium secondary battery by drawing out a lithium, a high energy density 
:an be expected. (A jar NARUOBU electrochemical society, 137,769 (1990)) . And when a lithium is used for 
)cclusion and the matter from wbAch it is desorbed is used for a counter electrode like [ when using it in this potential 
■egion / since a cell is started from charge ] a carbonaceous material, even if it does not perform processing in which a 
ithium is added to a negative electrode before cell creation, the system which fimctions as a cell can be made 
0006] 

Problem(s) to be Solved by the Invention] However, if charge and discharge are actually performed by using LiMn 
i04 as positive active material, in connection with the repeat of a charge-and-discharge cycle, discharge capacity will 
all gradually, and a good charge-and-discharge cycle property will not be acquired. This is LiMn 204. It is thought 
hat it is for the crystal structure to change with insertion desorption of Li ion irreversible. Then, LiMn 204 By making 
>ther elements dissolve, the attempt which is going to improve the reversibility of the crystal structure is made and it is 
AMn 204. The report (the 3 1st cell debates, two A16, Ito et al.) that it is effective making Co dissolve is carried out. 
lowever, LiMn 204 which made Co dissolve When it is used as positive active material, the problem that sufficient 
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discharge capacity is not obtained arises. 

[0007] Then, this invention is proposed in view of such the conventional actual condition, while being high energy 

.uf^'Z' '!a^''1 ^ ''^''^^ property and it aims at offering the nonaqueous electrolyte rechargeable batteiy with which 
suiricient discharge capacity is obtained. 

[0008] 

[Means for Solving the Problem] LiMn 204 which serves as positive active material as a result of this invention 
persons repeating examination wholeheartedly, in order to attain the above-mentioned object By replacing the one 
sectiori of Mn which can be set by Fe or Cr, reversibility is improved and it came to acquire knowledge that a cycle 
propeity improves with discharge capacity maintained. 

[0009] Based on such kiiowledge, a nonaqueous electrolyte rechargeable battery of this invention is characterized by 
said hthium multiple oxide being Li Ax Mn2~x 04 (however, Fe and Cr being kinds at least and A being 0.1<=x<=0 4 ) 
m a positive electrode which uses a lithium multiple oxide as positive active material, a negative electrode and a 
nonaqueous electrolyte rechargeable battery which comes to have nonaqueous electrolyte, moreover, a lithium multiple 
oxide LiFex Mn2-x 04 it is - this - LiFex Mn2-x 04 It is characterized by being obtained by heat-treating among 
air mixture which consists of a lithium compound, an iron compound, and a manganese compound at 650-degree-C or 
more heat ^eatment temperature of 800 degrees C or less, furthermore, a lithium multiple oxide - LiCrx Mn2-x 04 it 
is -- this - LiCrx Mn2-x 04 It is characterized by being obtained by heat-treating among air mixture which consists of 
a lithium compound a chromium compound, and a manganese compound at 650-degree-C or more heat treatment 
mXTal ""^^^ ^ ^^^lie^ore, the above-mentioned negative electrode consists of a carbonaceous 

[001 0] In order to make a cycle property good in this invention, it is LiMn 204 as positive active material. The lithium 
tnultiple oxide 4 which replaced a part of Mn by Fe or Cr, for example, LiFex Mn2-x O, and LiCrx Mn2-x 04 Suppose 
that a lithium multiple oxide shown is used. LiFex Mn2-x 04 and LiCrx Mn2-x 04 Since crystal structure change by 
insertion desorption of Li ion is rich in reversibility, there is little property deterioration depended for carrying out by a 
:harge-and-dischai'ge cycle changing. Therefore, by using it as positive active material, it excelled, the thing of the 
:ycle property of a nonaqueous electrolyte rechargeable battery can be carried out, and, moreover, a high discharge 
capacity can be secured, 

[001 1] Here, the presentation ratio x of Fe and Cr needs to be 0. 1-0.4, in order to maintain high discharge capacity, 
while improving reversibility. It is inadequate for improvmg reversibility, when the presentation ratio x is less than 0 1 

A *\P^esentation ratio x exceeds 0.4, discharge capacity falls. In addition, in order to obtain better reversibility 
md high discharge capacity, as for the presentation ratio x, it is desirable that it is 0 2 

.0012] Above-mentioned LiFex Mn2-x 04 It is LiCrx Mn2-x 04 about mixture which consists of a lithium compound 
m iron compound, and a manganese compound. It is obtained by heat-treating mixture which consists of a Uthium 
compound, a chromium compound, and a manganese compound, respectively. Here, in order to consider as a litiiium 
nultiple oxide which can gam high discharge capacity while good reversibility is shown when it is used as positive 
^^A^.^^^^^'l'.'^^ ^^^^ invention, and heat treatment temperature in tiie case of heat treatment is LiFex Mn2-x 

34. When obtaining, they are 650-800 degrees C and LiCrx Mn2-x 04. In obtaining, it sets it as 650-850 degrees C 
When heat treatment temperature separates from the above-mentioned range, positive active material which 
iemonstrates the above-mentioned property is not obtained. 

0013] As a carbonaceous material which serves as a negative electrode on the other hand, although each carbon 
mterial with vvhich this kind of rechargeable battery is used is usable, a carbon material enumerated especially at tiie 
loUowing IS suitable, ^ ^ 

.0014] It is the carbonaceous material which carbonizes an organic material by technique, such as baking, and is 
Dbtamea L 1st ] tirst. As an organic material used as a start raw material, furan resin which consists of furfuiyi alcohol 
3r a homopolymer of a furfural, and a copolymer is suitable. Specifically, a polymer which consists of furfiiral + 
Dhenol, furfuryl alcohol + dimethylolurea, furfuryl alcohol, and FURIFURIRU alcoholic + formaldehyde and furfural + 
ketones is mentioned. A carbonaceous material which carbonized this furan resin is the spacing d002 of a field (002) It 
s 3 .70A or more, and m parallax thermal analysis (DTA) in the inside of an air air current, it does not have an 
Jxothemiic peak m 700 degrees C or more, but a property veiy good as negative-eleclxode material of a cell is shown. 
Jr atter introducing a functional group which contains oxygen in this, using a petroleum pitch of tiie H/C atomic ratios 
J.6-0.8 as a raw material, giving the so-called oxygen bridge formation and considering as a precursor of 10 - 20 % of 
he weight of oxygen contents, a carbonaceous material calcinated and obtained is also'^suitable. Furthermore a 
carbonaceous material which made the amount of dopes to a lithium big by adding phosphorus compounds or a boron 
compound m case said furan resin, petroleum pitch, etc. are carbonized is also usable. 
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[00 1 5] As phosphorus compounds, a point which is the ease of deahng with it etc. although a salt of such oxo acid etc 
IS mentioned further to oxo acid of phosphorus, such as an oxide of Lynn, such as a phosphorus trioxide, a phosphorus 
tetroxide, and a phosphorus pentaoxide, and orthophosphoric acid (the so-called phosphoric acid), a metaphosphoric 
acid, polyphosphoric acid, and a phosphoric acid are suitable. An addition is converted into Lynn to these organic 
materials and a carbonaceous material at phosphorus compounds added in the case of carbonization of an organic 
material, and, as for a content of Lynn in 0.2 - 15 % of the weight, and a carbonaceous material, it is desirable to 
consider as 0.2 - 5.0 % of the weight 

[0016] As a boron compound, oxo acid of boron, such as an oxide of boron, such as diacid-ized 2 boron, 3 oxidation 2 
boron (the so-called boron oxide), 3 oxidation 4 boron, and 5 oxidation 4 boron, altboron (the so-called boric acid) and 
metaboric acid, tetraboric acid, and hypoboric acid, its salt, etc. are mentioned. Each of these boron compounds can be 
added to the system of reaction accumulated in carbonization in the state of an aqueous solution. As for an addition of a 
boron compound added in the case of carbonization of an organic material, it is desirable to make a content of boron in 
0.15 - 2.5 % of the weight and a carbonaceous material into 0.1 - 2.0 % of the weight by boron conversion to these 
organic materials and a carbonaceous material. 

[0017] Moreover, if an electrolyte is dissolved in an organic solvent, each thing known from the former can also use 
Qonaqueous electrolyte, therefore, as an organic solvent, ether, such as ester, such as propylene carbonate, ethylene 
:)arbonate, and gamma-butyrolactone, and diethylether, a tetrahydrofuran, a substitute tetrahydrofuran, dioxolane a 
pyran and its denvative, dimethoxyethane, diethoxy ethane, 3 substitute-2-oxazolidinone, such as 3-methyl-2- 
Dxazohdmone, a sulfolane, a methyl sulfolane, an acetonitrile, propionitrile, etc. mention - having - these -- 
independent - or it is used by two or more kinds, mixing. As an electrolyte, lithium perchlorate, hoe lithium fluoride 
Lynn lithium fluonde, a chlorination ulmin acid lithium, lithium halide, a trifluoro methansulfonic acid lithium etc can 
OQ used. 
:0018] 

^Function] LiMn 204 currently conventionally used as positive active material If it is used as positive active material 
discharge capacity will fall gradually by the repeat of a charge-and-discharge cycle. This is LiMn 204. It is for the 
ystal structure to change with the repeats of insertion desorption of Li ion irreversible. On the other hand, LiFex 
Vln2-x 04 compounded at a predetermined heat treatment temperature while having the predetermined presentation 
-atio Or LiCrx Mn2-x 04 The crystal structure change by insertion desorption of Li is rich in reversibility Therefore 
hey are above-mentioned LiFex Mn2-x 04 and LiCrx Mn2-x 04 as positive active material. If it is used, there will be 
ittle lowermg of the discharge capacity by the repeat of a charge-and-discharge cycle, and a good cycle property will 
^e attained. And LiFex Mn2-x 04 Or LiCrx Mn2-x 04 When it considers as positive active material, initial discharge 
capacity is LiMn 204. It is comparable as the case where it is used, and high discharge capacity is secured with a good 
:ycle property. 
;0019] 

Example] Hereafter, the suitable example of this invention is explained based on an experimental result. 
0020] Example 1 this example is LiCrx Mn2-x 04 as positive active material. It is the used example. Li2 C03, Mn 
103, and Cr 203 By the mole ratio which becomes 1:1.8:0.2, balance picking and after often mixing, 750 degrees C 
commercial reagent) of powder are heated among air for 10 hours, and a presentation is LiCrO.2 Mn 1.804. The 
ithium multiple oxide calculated was obtained. LiCrO.2 Mn 1 .804 used as this positive active material It mixed at a 
•ate which serves as polytetrafluoroethylene used as the graphite and the binding material used as electric conduction 
naterial 85 :10:5, and compression shaping was carried out and 65mg of this mixture was used as the sample electrode 
JO that It might become a round shape with a diameter of 1 5.5mm with a nickel network charge collector. And this 
sample electode and a polycarbonate: It is LiPF6 to the non-aqueous solvent which it comes to mix at a rate that 
iimethoxyethane becomes 1 : 1 , The coin eel was produced using the electrolytic solution made to contain at a rate 
vhich becomes one mol / 1, the polypropylene porous membrane used as SEPARETA, and the lithium metal used as a 
counter electrode. 

0021] Thus, to the produced coin eel, it charged to 4,3V by ImA constant current, and the repeat deed and the charge- 
md-discharge cycle property were investigated for the charge-and-discharge cycle of making it discharge to 3V. The 
•elation between the number of cycles and discharge quantity of electricity is shown in drawing 1 . 
0022] Example 2 this example is LiFex Mn2-x 04 as positive active material. It is the used example. Li2 C03, Mn 
i03, and Fe 203 Powder (commercial reagent) is mixed as **** by the mole ratio which becomes 1 : 1.8:0.2, 750 
iegrees C is heated among air for 10 hours, and it is LiFex Mn2-x 04. It obtained. This LiFex Mn2-x 04 Except using 
is positive active material, the com eel was produced like the example 1 and the charge-and-discharge cycle property 
vas investigated on the same conditions. The result is combined with drawing 1 and shown. 
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rnf J ^^J^^Pl^^^f ^j^^^P^^ison 1 comparison, it is LiMn 204 as positive active material. It is the used example. U2 
CUJ and Mn 203 Powder (commercial reagent) is often mixed as **** by the mole ratio of 1 :2, 850 degrees C is 

nro^lTiT^r ^ Tt 'I ^^^^ ™^ Li^^ 204 Except using, the coin cd was 

produced hke the example 1 and the charge-and-discharge cycle property was investigated on the same conditions The 
result IS comoinea with oi-awing 1 and shown. 

[0024] It is LiMn 204 so that drawing j. may be seen and understood. When it is used as positive active material in 

T Tfo 'r^rA^ ?^ ^ charge-and-discharge cycle, discharge quantity of electricity falls rapidly. On the'other 
hand, LiFex Mn2-x 04 Or LiCrx Mn2-x 04 In using it as positive active material, lowering of discharge quantity of 
electrict)' accompanying the rep^t of a charge-and-discharge cycle is slight, and shows a good charge-and-discharge 
cycle property^ Moreover, mitial discharge capacity is also LiMn 204. Compared with the case where it is used, it is 
only very slightly low, and a high value is shown. ' 
[0025] It is the example which used the lithium multiple oxide which made Ti, Co, nickel, or Cu dissolve as positive 
active material as example of comparison 2 comparison. LiC03 and Mn 203 Four kinds of 1 :1. mole-ratio 8 mixture 
was prq,ared, Ti02, Co 203, NiO, and CuO were respectively mixed by the mole ratio of 0.2 into this mixtti" 
heated for 10 hours and 800 degrees C of various lithium multiple oxides were obtained. And except usin" these 
vanous h&ium multiple oxides as positive active material, the coin eel was produced like the example 1 and the 
mSll"??#: mvestigated on the same conditions. The result is shown in drawing 7 . 

[0026] Although there is little discharge quantity of electricity deterioration accompanying a cycle when the lithium 
X O^O^ r c'^mI' ^o^?' O^C^.'ii^^l^- ^ drawing2 , Litial lischLge capacity /s LilSc 

, V " ^^""^ compared with the case wh^e it is used as positive active 

material. Therefore, in order to have obtained the cell which is excellent also in any of discharge capacity and a charge- 
nd-d.scharge cycle property from the above result, as an element which makes a lithium multiple oxide dissolve, it 
nirned out that t e or Cr is suitable. 

;0027] LiFex Mn2-x 04 and LiCrx Mn2-x 04 Change the mole ratio of the raw material powder in the examination ■ 
^""t ^'IT'^l^ presentation ratio, adjust mixture, and this mixture is received, the same conditions as an 

t77 i"vZ ^^^^tmjn carrying out - LiCrx Mn2-x 04 and LiFex Mn2-x 04 a formula - setting - x= 0.1, 0.2, 
ind U. - the hthirnn multiple oxide of four kinds of each equivalent to 3 and 0.4 was obtained. And this lithium 
nukiple o^de was used various coin eels were produced, and the charge-and^ discharge property was investigated like 
LiCrx Mn2-x 04 To towmg^ , it is LiFex Mn2-x 04 about the charge-and-discharge property of the used coin 
-onoiTr ^jj^gf -and-discharge cycle property of the used coin eel is shown in drawing 4 , respectively 
0028] LiCrx Mn2-x 04 whose presentation ratios of Or are 0.1-0.4 when drawings and drawing 4 are seen LiFex 
^ 04 whose com eels and presentation ratios of Fe which were used are 0.1-0.4 Although each was excellent in a 
:harge-and-discharge property and initial discharge capacity, when the presentation ratio of Or and Fe was 0.2, it turned 
)ut especially that a good property is demonstrated. 

0029] Examination **** of heat treatment temperature, and LiCrx Mn2-x 04 Heat treatment temperature at the time 

f/tZ^nTh J^^'^'T'"''^- " H^'^-^ ^ -^^4 ^^^^Pl^ 1 ^^^^Pt having set the.heating temperature at 

he time ot heat-treating the mixture of raw material powder as 600 degrees C, 650 degrees C 700 degrees C 800 
iegrees C, and 850 degrees C. It obtained. And LiCrO.2 Mn 1.804 obtained by doing in this way It considered as 

IZf^^u '^^u^^^^'^ ' ''f'' ""^^ produced, and the charge-and-discharge cycle property was investigated like 

The result IS shown mdmMng_5 . 
:0030] It is LiCnc Mn2-x 04 so that drawing 5 may show. It sets on the cell used as positive active material, and is 
.icrx Mn2-x 04. Although there is no great difference, if the heat treatment temperature at the time of compounding 
'V^^^! ^P'^y^^J^^P^^^^^^ requirement at 700 degrees C - 800 degrees C, a property will fall. Therefore, this to 

V t ^ ^® ^^^^ treatment temperature at the tune of compounding was understood that 650-S50 degrees C is 

iuitable practical. ^ 

^Q^y i^^""^' ^'^^"^ ^^'"^ ^^^^ treatment temperature at the time of compounding was examined. It is LiFeO.2 Mn 
..8U4 like an example 2 except having set the heating temperature at the time of heat-treating the mixture of raw 

7^Z'i Frffr^! T ^^Tu^P'- ^' ^^^'^^^ ^' C, and 850 degrees C. It obtained. And 

a1 u t T^'"-^^ ^^i^g ^his way It considered as positive active material, the coin eel was produced, 

nnaof 1^ -^"^ ^ ^"''^^''^^ property was investigated like The result is shown in drawing 6 

UUi2J Dmwma6 to LiFex Mn2-x 04 It sets on the cell used as positive active material, and is LiFex Mn2-x 04 When 
he heat treatment temperature at the time of compounding was 650-750 degrees C, the most excellent property was 
nn^ T ^i"^ a practical heat treatment temperature that 650-800 degrees C is suitable 

U0^3J In addition, it is LiMn 204 as a comparison. Also about the cell used as positive active material, it is LiMn 204. 
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The heat treatment temperature at the time of compounding was changed with 750 degrees C, 800 degrees C, and 900 
degrees C, the coin eel was produced, and the charge-and-discharge cycle property was investigated about each. The 
result is shown in drawin g 7 . 

[0034] It is LiMn 204 so that drawing may show. LiMn 204 compounded at which heat treatment temperature in the 
cell used as a positive electrode Even when it is used, sufficient charge-and-discharge cycle property is not acquired, 
but in this, when LiMn 204 heat-treated and compotinded at 850 degrees C is used, the best property is acquired. For 
this reason, LiMn 204 In case it compounds, it will heat-treat for the purpose of 850 degrees C which is this optimal 
heat treatment temperature. However, as a processing temperature, it is high, since the range is moreover narrow, 
temperature control is difficult, and this optimal heat treatment temperature is LiMn 204. In the cell to be used, the 
problem of tending to change a property had arisen from this reason. It sets at such a point and they are LiCrx Mn2-x 
04 and LiFex Mn2-x 04. When it sees, the optimal heat treatment temperature in the case of composition is LiMn 
204. It compares, and it is low and a range is also wide. Therefore, LiCrx Mn2-x 04 and LiFex Mn2-x 04 When using 
it, it turned out that above-mentioned inconvenience is also canceled and it becomes advantageous also in respect of 
manufacture management. 
[0035] 

[Effect of the Invention] So that clearly also from above-mentioned explanation in this invention A lithium multiple 
oxide is set to the nonaqueous electrolyte rechargeable battery used as positive active material, and they are LiCrx 
Mn2-x 04 and LiFex Mn2-x 04 as a lithium multiple oxide. While using it LiCrx Mn2-x 04 to be used and LiFex 
Mn2-x 04 since a presentation ratio and heat treatment temperature are regulated - a cycle property and discharge 
:;apacity - the nonaqueous electrolyte rechargeable battery which is excellent also in any can be obtained. Moreover, 
oy using a carbonaceous material as a negative electrode, a cycle property improves further and it becomes possible to 
obtain a highly efficient nonaqueous electrolyte rechargeable battery. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are LiCrx Mn2-x 04, LiFex Mn2-x 04, and LiMn 204 as positive active material. It is property 
drawing showing the charge-and-discharge property of the nonaqueous electrolyte rechargeable battery at the time of 

using it. 

[Drawing It is property drawing showing the charge-and-discharge property of the nonaqueous electrolyte 
rechargeable battery at the time of using the lithium multiple oxide which made Co, Ti, nickel, and Cu dissolve as 
positive active material, respectively. 

l-P^^^'i^g 3] LiCrx Mn2-x04 from which a presentation ratio differs as positive active material It is property drawing 
showing the charge-and-discharge property of the nonaqueous electrolyte rechargeable battery at the time of using it. 
[Drawing 4] LiFex Mn2-x04 from which a presentation ratio differs as positive active material It is property drawing 
showing the charge-and-discharge property of the nonaqueous electrolyte rechargeable battery at the time of using it. 
[Drawing 5] LiCrx Mn2-x 04 from which the heat treatment temperature in the case of composition differs as positive 
active material It is property drawing showing the charge-and-discharge property of the nonaqueous electrolyte 
rechargeable battery at the time of using it. 

: Drawing 6] LiFex Mn2-x 04 from which the heat treatment temperature in the case of composition differs as positive 
active material It is property drawing showing the charge-and-discharge property of the nonaqueous electrolyte 

-echargeable battery at the time of using it. 

[Drawin g LiMn 204 from which the heat treatment temperature in the case of composition differs as positive active 
material It is property drawing showing the charge-and-discharge property of the nonaqueous electrolyte rechargeable 
Dattery at the time of using it. 
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